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A. Relevance of the Above-identified Document 

The following is a partial English translation of 
exemplary portions of non-English language information 
that may be relevant to. the issue of patentability of the 
claims of the present application. 

B. Translation of the Relevant Passages of the Document 

See the English Abstract. 

In reference to Figs 1 to 3, the following specifically 
explains a method of forming droplets. Fig. 3 is a 
schematic cross sectional diagram illustrating a state of 
an electric field in another dispersing device which can be 
used for the method of the present invention. Note that, in 
Fig.. 1 to 3, portions shown by 53521 are made of a 
conductive material, and portions shown by ezza are 
made of an insulating material. Curved lines in Figs. 2 
and 3 indicate a state in which lines of electric force, are 
converging around an aperture (6) of an insulating plate 
(5). 

As illustrated . in Fig. 1, a solution of polymer is put 
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into the dispersing device at a constant flow rate in a 
direction indicated by an arrow, the dispersing device 
being for forming droplets. Then, the solution is ejected 
from an ejection aperture (3) of a nozzle (2) to the 
aperture (6) of the insulating plate (5). In the embodiment 
shown in Fig. 1, the nozzle (2) is made of a conductive 
material, such as metal. However, the nozzle (2) may be so 
arranged that around the nozzle aperture (3) is insulative 
and other portions are electrically conductive. 
Conventional insulating coating is not carried out at all to 
these nozzles. In the device illustrated in the figures, the 
nozzle with a single aperture is used, but a nozzle with a 
plurality of apertures can of course be used. The aperture 
(3) of the nozzle usually has a diameter of 20 /am to 250 
Jim. However, in order to form droplets having a 
comparatively small diameter of 250 (im or less, it is 
preferable that the diameter of the aperture (3) be 200 |im 
or less. Moreover, in order to avoid clogging of the nozzle, 
it is preferable that the diameter be 30 jam or more. It is 
preferable that the diameter of the aperture (6) of the 
insulating plate (5) be twice to 100 times as large as the 
diameter of the aperture (3) of the nozzle (2). The aperture 
is made to the insulating plate for concentrating the 
electric field thereto, so that it is not preferable that the 
diameter of the aperture (6) of the insulating plate (5) 
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exceed 100 times as large as the diameter of the aperture 
(3) of the nozzle (2). However, in the case in which the 
aperture (6) of the insulating plate (5) is too small, 
required accuracy of fabrication may be too high, an 
intense pressure may be applied to the insulating plate, or 
the like problem may occur. Therefore, it is preferable 
that the diameter of the aperture (6) of the insulating 
plate (5) be twice as large as the diameter. Moreover it is 
preferable that the distance between the nozzle (2) and the 
insulating plate (5) be from 50 ^m to 10mm. In the case in 
which the distance is less than 50 jim, the electric field 
may concentrate on the nozzle close to the aperture (6) of 
the insulating plate, and this may cause corrosion which 
has been induced by conventional methods. In addition, 
the flow of a dispersion medium accompanying the liquid 
having ejected from the nozzle may become unstable. 
Meanwhile, in the case in which the distance is more than 
10 mm, the electric field may not concentrate on a 
position where the droplets are formed. As a result, the 
droplets cannot be formed stably. 

As indicated by an arrow, the first dispersion 
medium (4a) is supplied from an entrance (7) to a space 
(8) between the nozzle (2) and the insulating plate. The 
dispersion medium (4a) is ejected from the aperture (6) of 
the insulating plate while accompanying the liquid having 
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ejected from the aperture (3) of the nozzle. Here, by 
adjusting the amount of the dispersion medium and 
decreasing the amount of the accompanying liquid, it is 
possible to form even smaller droplets with the same 
nozzle. Moreover, in the present invention, it is possible 
to supply a dispersion medium (4b) from an entrance (9) 
to a dispersion tank (10), the dispersion medium (4b) 
being different from the first dispersion medium (4a). For 
example, by adding surfactant to the dispersion medium 
(4b) so as to stably maintain dispersion of the droplets, it 
is possible to provide an effect of preventing the droplets 



from combining with each other. 

As illustrated in Fig. 1, an electrode (11) may be 
made of metal such as stainless steel, and provided about 
10 mm to 50 mm from the nozzle. Moreover, as illustrated 
in Fig. 2, an external wall provided on and above the 
insulating plate (5) of the dispersing device may be made 
of a conductive material, and may be used as an electrode 
(12). The electrode (11) has an aperture (13) whose 
diameter is about 10 mm to 20 mm, and the droplets 
formed in the dispersion tank (10) pass through the 
aperture (13). The electrode (11) is connected with the 
nozzle (2) via a power source (14) which applies a voltage 
which changes on a constant cycle. Dispersion liquid 
having passed through the electrode and containing 
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similarly sized droplets is usually subjected to a further 
process (not shown) of changing those droplets into 
particles of polymer. 

In the case in which the amount of droplets ejected 
from the nozzle is converted into Reynolds number, the 
Reynolds number is preferably in a range from 10 to 1,000, 
more preferably in a range from 20 to 500. In the case in 
which the Reynolds number is 10 or less, the amount of 
droplets produced becomes small. Meanwhile, in the case 
in which the Reynolds number exceeds 1,000, the cycle of 
an alternating current reaching a synchronization state 
exceeds several tens of KHz, and it becomes difficult to 
maintain a stable state. 

The great advantage of the present invention over 
the conventional method is that the minimum voltage 
which makes it possible to obtain the synchronization 
state is much smaller than that of the conventional 
method. As described above, the conventional method 
requires, at the minimum, a voltage of several hundred 
volts, and moreover, an aperture portion of the nozzle is 
easily corroded because the electric field concentrates on 
the aperture portion to which the insulating coating is not 
carried out. However, the present invention only requires 
a voltage of several volts, and moreover, the area of 
conductive portions of both the nozzle and the electrode is 
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not especially limited, so that it can be increased. 
Therefore, that the conductive portions corrode because 
the electric field concentrates on the conductive portions 
will not happen. Therefore, even if the voltage of several 
hundred volts or more is applied, the nozzle and/ or the 
electrode does not corrode. 

According to the method of the present invention, it 
is difficult to stably form the droplets by using a high 
voltage required in the conventional electric method. The 
reason is not really obvious, but may be a synergy effect 
of a self-induced vibration of a liquid column and 
concentration of the electric field on the aperture (6) of 
the insulating plate. In fact, the droplets are formed near 
the aperture (6). 

As the voltage which changes on a constant cycle, 
normal alternating voltage can be used. However, a 
voltage with a half-wave rectification waveform or a pulsed 
voltage is preferable because both frequency and voltage 
have a wider synchronization range. Applicable voltage is 
different depending on kinds of liquid and dispersion 
medium, but is normally from 3 volts to 2,000 volts, 
preferably from 5 volts to 500 volts. Moreover, the 
frequency is normally 0.3 KHz to 20 KHz, preferably 0.5 
KHz to 10 KHz. 

The flow rate of dispersion medium is so adjusted 
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that the concentration of droplets in the dispersion liquid 
is preferably 5 volume % or less, more preferably 3 
volume % or less. Because the dispersion medium flows at 
such flow rate, problems, such as recombination of 
droplets and adhesion of droplets with respect to 
electrodes, do not occur, which problems occur because 
the droplets stay around the electrode. Moreover, the 
droplets -are washed out by the dispersion medium from 
an area where the droplets are formed. 

Normally, the above-mentioned additional treatment 
is carried out with respect to the similarly sized droplets 
obtained as above. As a result, the droplets are changed 
into completely-solidified particles. 
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(54) UNIFORM LIQUID DROP-FORMING METHOD 

(57)Abstract 

PURPOSE: To make liquid drops in uniform quantity synchronized with voltage cycle 
formed by a method wherein a liquid nozzle, an electric insulating plate with a hole for 
penetration of the liquid provided, and an electrode are arranged in this order in a 
dispersion medium, and the liquid is ejected from the nozzle with the voltage applied 
between the nozzle and the electrode in a specified cycle. 

CONSTITUTION: An electric field between a nozzle 2 and an electrode 1 1 converges, as 
shown in electric line of force, around a hole 6 provided to an insulating plate 5 that is 
arranged between the electrode 1 1 and the nozzle 2, and thereby the electric field around 
the point of convergence is greatly densified. As a result, the voltage applied between the 
nozzle and the electrode becomes higher, as if amplified, around the hole 6 than the value 
actually applied, producing the same effect, even with low voltage, as that produced by 
the high voltage. This is revealed by a fact that liquid drops are formed around the hole 6. 
By this effect of convergence, applied voltage can be reduced to one-several hundredth 
as compared with the conventional voltage, and thereby corrosion of the nozzle and the 
electrode can be prevented. The liquid drops 1 formed around the hole 6 are promptly 
kept away from the hole 6 without staying there and are flown on their flow. 
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